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of Medical Chendstory), Vol”S^ No 5» Moscow, September- 
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*HE EFFECT OF EXTERNAL I0SX2IKG RADIATION 
ON TH2 FAJVL’ICirATION OF THE LIVER jU!0 XHTSSTINE 
Cfi LIPID METABOLISM 


JSSB- 


/Followiag is the- translation of art article entitled 
’’VXi.yaniya vnssfehepo lost airayushchegjo x aj^clieaiya ^ na 
nchasuke ueaheni i klshaefanik'& v lipidnom obsiene> M (En¬ 
glish version above) fey X*. V. Smirnov and V, A* Shater- 
nikov in Voproey Meditsinakoy .KMmi (Problems cf Kociioal 
Chc^atry J, Vol 6 , L r o 5* Moscov* Scpt«Oc*b 19 c> 0 > pagca 


Lipid meiabclisa. disorders command considerable interest 
in st.nd 5 i.ng the pathogenesis of radiation sickness* Ionizing 


o 

radiation inhibits the process of lipid absorption from the 
gastrointestinal tract, and increases lipid excretion in the 


sees. Tire .increase in the blood concentration of low density 
lipoproteins, testifies to the fact., that assimilation of exoge¬ 
nous lipids fey the organs and tdagues,• is also made more dif:fieri?" 
On. the other band, a saaabor of authore haw shown, that- fold li*. 
radiation, fatty lnfij.trat.ion of the liver is observed. I + 


furtkor established, that the: 


intensaii ed synthesa. c 


r r the 


of lirdd oyrsnoaeKt?, Includeng 


livev and certain ether organs, 
neutral fats, phospholipids and cholesterol. In the early stages 
following radiation, there ria an Increase in the blood content of 
ail lipids, including neutral fats and cholesterol* 

* The* present work attempts to discover the role of t> s liver 
and intestine in the dynamics of lipid-exchange and blood fractions, 
ration, following stimulation by lord zing radiation* 

F. 3 s earch Methods ar-.d R esults 

3 iKpei'ime»t& vere conducted, or. five dogs, eiigiostuauceh by 
the London method, with our modifications (isolated strips of 
frr A'i inteatioe were used as cararolae). Ws examined blood taken 


frost the faaoral artery, the ports], and hepatic veins. 


the 


collected samples, we determined the general fat content, the 
/cftoimb of central fats and esterified cholesterol (henceforth 


referred to as the amount of neutral lipids), phospholipids, by 
the Blur method, as well as the iodine value of these fractions, 
using the Rosenittund-Krmchenn method. The ccssd&ned blood wa« taken 
from animals on an empty stomach, 18 hours after feeding. 

After a standard physical examination, the animals were 
subjected to a general single v-irradiation with Ct>6° at a dose 
of 100 r and intensity of 450-460 r/min. Post-radiation blood 
analyses were made after two hours, 2, 6, 9, 14 , and, 22 days. 




flag. 1. Content (A) and iodine value (B) of lipids r 
their fractions in the arterial blood of dogs aft. r 
a x-irradiation dose of 300 r. 

I— general lipidsj II — neutral fats and esterified 
cholesterol} III — phospholipids. 

Legend; 

a) mg % 

b) irradiation 

c) hours 

d) days • " 

The results of our determinations indicated (dtag. 1},. 
that under our conditions, the general lipid content of arterial 
blood plasma in healthy dogs on an empty stomach, averaged 4 'iO mg 
% (from 333 to 514 ag % )* Of this amount, neutral lipids con¬ 
stituted 197 iag % (from 152 to 250 mg %), phospholipids — 118 mg 
% (from 56 to 174 %)* Tbs iodine value of general lipids was 

equivalent to an average of 66.9 (from 51.2 to 83 . 9 ), neutral 
lipids — 68.5 (from 58*9 to 74.5), phospholipids — 67*2 (from 
54.2 to 77.6). 

Two hours after irradiation, the content of general lipids, 
neutral lipids and phospholipids 3harpiy increased in the arterial 
blood plasma, whereas the iodine value decreased (see diag, 1 ). 




Two days sifter irradiation, the blood lipid and lipid fraction 
content increased further, whereas the iodine value did not sig¬ 
nificantly change * The sixth day was characterised by a de¬ 
crease in the content of general lipids, neutral lipids and 
phospholipids lower than normal, and by an .increase of their 
iodine value significantly higher than the original level* 



Blag* ?* Content changes (a) and iodir.e value change n (B). 
cf lipids and their fractions is dog blood during i is 
passage tbrcmgh the intestine* 

Symbol designations are the same as in diag* 1. 

In subsequent periods (9th and 14th day), the content cf 
general lipids, neutral lipids and phospholipids in the arterial, 
bleed remained low, but their iodine value was high, as before. 

In tne terminal' period of radiation, sickness (times varied in 
different dogs), a hyperlipemia vts again observed, that is, an 
increase in the concentration of general lipids, neutral lipids 
fmcl phospholipids higher than the original level, end & decrease 
in the iodine value below normal* 

The role of the intestine in the metabolism of lipids in 
raiiatloa sickness is indicated by data represented in diagram 2. 

The concentration of general lipids, neutral lipids and 
phospholipids {retainsd by the intestine) in. blood passing through 
the intestinal wall of healthy animals on an empty stomach, de¬ 
creased, whereas their iodine value increased, as did their de¬ 
gree; of uns&turatiou* 

Two hours after irradiation, when a general, increase in 
the lipid arterial blood level was observed, the intestine further 
increased the blood concentration of general lipids as well as 



neutral lipids end phospholipids, The iodine value of general, 
lipids and phospholipids in blood passing through the intestine 
increased significantly less than before irradiation, whereas 
the iodine value of neutral lipids actually decreased. 

Two days after irradiation, during a still farther increase 
of the arterial blood lipid level, the intestine continued to 
return general lipids, and in particular, neutral lipids, to the 
blood, although in a somewhat lesser quantity! the intestine again 
retained phospholipids, bat to a lesser degree- than before ir¬ 
radiation. During this period, the lipid iodine value la blood 
passing through the instestinal wall did not significantly change. 

Six days after irradiation, when the concentration of 
lipids in the arterial blood was significantly below normal, the 
intestine retained a certain quantity of general lipids and 
neutral lipids, and returned phospholipids to the blood. Blood 
lipids passing through the intestine became isore saturated at this 
time, especially the neutral lipids and phospholipids. 

The ninth day was characterized by the absence of any in- w 

fluence of the intestine on the level of general lipids and. neutral 
lipids in the blood plasma, and by some retention of phospholipids. 

The intestine, however, sharply increased the degree of lipid un~ « 

saturation. 



Diag. 3. Charges ia the content (A) and iodine value (E) 
of lipids and their fractions in dog blood during passage 
through the liver. 

Symbol designations are the same as in diagram 1. 
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Fourteen clays after irradiation, as the lipid level in the 
arterial blood continued to be low, the intestine*returned general 
lipids, neutral lipids and phospholipids to the blood, and increase 
the degree of uasaturation of lipid fractions. 

The role of the liver in lipid metabolism in acute radiation 
sickness is characterised by the data represented in diagram 3. 

The liver of healthy, R.on~irradiat©d dogs on an empty 
stomach, excreted,into blood circulating through it, general 
lipids, neutral lipids and phospholipids, .increasing their eon- 
centration. Consequently, the iodine value of the lipid fractions 
decreased. In this manner, the effect of the liver, under normal 
circumstances, on blood lipids is opposite to that of the intestine 
as described above. 

Two hours' after irradiation, the quantity of general and. 
neutral lipids excreted by the liver into the blood significantly 
decreased, whereas the liver actually retained phospholipids. 

This was occurring at the some time as the intestine was returning 
general, neutral and phoepho- lipids to the blood. Parallel to 
‘this, there was a below-ncrmal significant decrease in the iod in e 
value of lipid fractions. 

After two days, as.the intestine continued to transfer ge¬ 
neral. and neutral lipids to the blood, but in lesser quantities, 
and was retaining phospholipids, she liver me depleting the 
brood of general and neutral lipids and did not show any notice— 
abio effect on the blood content of phospholipids« Concomitantly, 
the iodine value of the lipid fractions in the blood passing 
throught the liver, .increased. 

On the sixth 24 hour period after radiation, as the ii.- 
testing was retaining a certain amount of general and neutr-yf 
lipids of the blood, and transfering phospholipids to the blood, 
the liver was transfering general, and neutral lipids to the 
blood, while retaining phospholipids. As a result, the liver 
further increased the degree of unsaturation of lipid fractions. 

Nine days after irradiation, general and phosohollpide 
were being mobilised from the liver to the blood, although neutral 
lipids continued to be retained by the liver. At this period, 
pfcospholirt&s were being mobilized from the intestine to the 
blood, and no noticeable effect by the intestine on general and 
neutral lipids was demonstrated. At this time the liver did not 
significantly change the degree of lipid fraction uasaturation. 

On the 14th day after irradiation, as general, neutral 
and. phospho- lipids were being mobilised from the intestine to 
the blood, the liver also increased the lipid fraction concen¬ 
tration in the blood passing through it. Subsequently, the 
degree of lipid fraction uasaturation decreased. 

The data recorded by us in examining the arterial blood, 
are generally in accord with that of the literature — after ir¬ 
radiation at a dose of 300 r, the general lipid content begins to 


increase two hours after radiation stimulation; this hyperlipemia 
reaches a maximal on approximately the second day of the radiation 
sickness development, and cn the sixth day it is possible to 
ascertain the lipid eoatent decrease* It subsequently regains low, 
and a repeated hyperlipemia again develops in the terminal period. 
In tills connection, the parallelism in the content changes of 
neutral lipids and phospholipids warrants attention. A signi¬ 
ficant increase in the content of vmsaturated fatty acids in the 
arterial blood lipids takes place at the peak of radiation sickness 
The results of our experiments shed tome light cn the role 
of the intestine and liver la lipid metabolism disorders fol*. *.ng 


stimulation by ionizing radiation. 


may be assumed that u.e 


intestine is largely responsible for the ensuing changes ir tm 
blood lipid structure under these conditions, iaaamuch as the i'>> 
crease in the blood .lipid fraction concentration coincided'with 
th«. time of the lipid fraction release by the intestine. Shis is 
characteristic for bite early stages and the termiml period of 
acute radiation sickness. 

It should be noted, that along with the blood flowing di¬ 
rectly from the intestine to the portal vein, is the blood from 
the oaentom and mesentery, i.e,. from adipose tissue.- It is there¬ 
fore quite possible, that the hyperlipemia in the beginning and 
terminal stages of radiation sickness is conditioned by-tbs mo¬ 
bilisation of fat from the fat depots* Data on the mobilization 
of fat from the fat depots in various types of-stress may serve as 
indirect confirmation of this. 

As regards the liver, in our opinion, it exhibits a com¬ 
pensatory effect on lipid me-tablolism disorders of -the organism 
both at the initial end peak stages of acute radiation sickness. 
However, in the terminal period of acute radiation sickness, there 
occurs a decompensation of liver function which aggravates the 
lipid metabolism disorder* 

Conclusions 

1. Following irradiation of dogs with ¥ -rays of Co*® at 
a dose of 300 r, dcvnlopment of a hypsrliperaia ms observed in 
the early stages and terminal period of radiation sickness. 

2. The intestine of animals, in the early stages arid ter¬ 
minal periled of radiation sickness, supplied e significantly 
gre-nlor cnount of lipids to the blood circulating through it. tha.. 
before irradiation of the animals.. 

3. In the early stages of radiation sirdaxoso tha Ik&r 
erddbited & coaipensat->ry effect m lipid Changes in too blood, 
brought about by its passage through the intestine. However, in 
the terminal period, both the liver and intestine enriched ef¬ 
fluent blood with lipids. 


6 




BIBLIOGRAPHY 


1, Morehouse, M. J. and Searcy, R. L., Radiation Res *. 1956, Vol 4, 

P 175. 

2, Morehouse, M. J. and Searcy, R. L., Science , 195°, Vol 123, P 
10^2 

3« Hayes, T» L# and Hewlitt, J. E», Aw. J« Physiol. , 1955, Vol 181, 

p 280 

4, Hewlitt, J. E., Hayes, T. L., Golfman, J, W., et al. Am, J. Physiol „, 
1953, Vol 172, p 579. 

5, Hewlitt, J. E. and Hayes, T* L., Am, J, Physiol ., 1956, Vol 185, 

P 257, 

6, Goldwater, W. H. and Ehtehman, C., Fed, Proc ,. 1954, Vol 13, P 218. 

7, Goldwater, W. H. and Sitenman, C,, Fed, Proc ,. 1955, Vol 14, p 59. 

8, Goldwater, W. H. and ESvtenman, C., Radiation Re s., 1956, Vol 4, p 
243. 

'9. Ivanov, I. I., Balabukha, V. S., Roraantsev, Ye. F., et al, Obmen 
veshchestv pri luchevoy boleznl (Metabolism in Radiation Sickness), 
Moscow, 1956, p 127. 

10. Coniglio, J. G. and Hudson, G. W., Fed, Proc ,. 1954, Vol 13, p 1°4 

11. Coniglio, J, G., McCormick, D. B. f and Hudson, W,, Fed. Pro- 

1955, Vol 14, p 30. 

12. Coniglio, J. G*, McCormick, B. 5., and Hudson G. W., Am., . Physiol ., 

1956, Vol 185, P 577. 

13. Sherman, F. G. and Almeida, A, B., Fed, Proc,, 1955, Vol 14, p 139. 

14. Sherman, F. G. and Almeida, A. B., in the book Advances in Radiol 
ogy . Edinburgh-London, 1956, p 49. 

15. Gould, R, Go , in the book Progress in Radiobiology . Springfield, 

1956, p 71. 

16. Grodzenskiy, D. E. and Tretyakova, K. A., Tezisy dokl, 9-go c^jgzd .ii 
Vsesovuaru ob-va fiaiologov. btokhialkov. fanaakologov (Theses Repeat 
of the Ninth Congress of the All-Union Society of Physiologists, 
Biochemists, and Pharmacologists), Moscow-Minsk, 1959, P 93. 

17. BiLuzio, N« R. and Simon, K. A., Radiation Res ., 1957, Vol 7, 

P . , 0 

18. Zarafonetis, Ch. 4. D», et al. Am. J» Med. Sc ., 1959, Vol 237, P >'18« 


- 7 - 


OXIDATIVE AND CAi'lBOHIDRATE-PHOSPHATE METABOLISM 
IN CEREBRAL AND HEPATIC TISSUE 
UNDER NORMAL CONDITIONS AND AFTER IRRADIATION 

-USSRi- 

following is the translation of an article entitled 
•'OldLslital »ny i uglevodo-fosfoiny obnen v tkaai golov- 
nogo rnozga i pecheni v aorme i pri obluehenii(English 
version above) by R» I. Skvortsova in Yoprosy Meditsino- 
ko y Khiva . (Problems of Medical Chemistryfr^oT" S>7 'ffo T 
Moscow, Sept-Cot i960, pages 475-479 .J 


At the preseat time,radiative biochemistry is replete 
;jith extensive material which indicates that one’ of the most- 
vulnerable metabolic links to radioactivity is the crocess of 
oxidative phosphorylation. Both in domestic and foreign, litera¬ 
ture there is a number of works in which authors have studied 
conjugative oxidative phosphorylation during exposure of the • 
gnnism tc ionisation. These authors concluded, that- irxadif 4 ion 
suppresses inorganic phosphate binding, coupled with substrate 
oxidation by tissue homogenates (spleen, liver, thyroid), and 
mitochondria isolated from tissue (spleen). 

It was "demonstrated, that local irradiation of the cere¬ 
bellum and cerebral hemispheres sharply inhibited oxidative 
phosphorylation* 

It would, be in.toresti.ug to see, which of the phosph.orvt.ive 
fractions is most deranged by radioactivity. 

Research Methods and Resu lts 

Work was conducted on guinea pigs, primarily males, weighing 
from 250-~ j?50 Ctes, and maintained on an ordinary laboratory diet. 
The anixa&tS were subw acted to irradiation by a fiUK—ft apparatus 
vn.th_ the following technical specifications* Current -- 1 5 ma 
(mil*...emoe?ap.), tube voltage — 1£X> kw, filter — 0.5 raa On, 
dose capacity — 129 r/mln. 

jocnl irradia hion dose to the test animals was 1000 r, a 
4000 rdoge to those with an irradiated cerebrum, and a 9000 r 
dose £ See Note_/to those with an irradiated cerebellum. 'Liver 
and cerebellum tissue- was examined. Animals with local cere¬ 
bellar irradiation were tested on the second day after irradiation 


at the moment of severest cerebellar derangement. Cerebrally, as 
veil as totally Irradiated animals, were tested two to five days 
after irradiation and later. After weighing, liver tissue was 
homogenised with a four part volume addition of a 0,25 solution 
of sucrose| cerebellar tissue was homogenised with a four to .ye 
part volume addition of a 1.1 — 0.0/,. % solution of XC1 at a C H of 
7.4. The homogenized paste was centrifuged, and the deposit was 
used as a ferment preparation. An incubating mixture ms prepared 
in the following proportions; 0.5 ml 0.1 M solution of MgCIpj 
0.5 ml. 0.025 M solution of AT?j 7.5 ml of a phosphate buffe - at 
pH of 7.4 ( 20 ml of a 1/30 H solution of KBfcfO# 80 ml. of a 
1/30 M solution of KaHFO/)$ Izal O.O4 H solution of succinate, and 
0.5 ml 0,4 M solution of NaF. 1 ml (3 ml.) of the salt solution was 
used for the incubation, to which, wqs correspondingly added 1 ml 
(3 ml) of homogenate from cerebellar or liver tissue, respectively. 
During the incubation, glucose was added to the mixture at a corn— 
putation of 15 — 30 mg per teat. Glycogen, computed from 15 — 

20 mg per test, was added during incubation of the liver tissue, 

/ The above-mentioned glucose was added to incubating brain tissue/ 
Several tests were incubated with additions of brom&cet&te and 
hexokina.se „ 

( NoteJ7 local irradiation of the cerebellum was conducted 
by the method developed tty P 0 I. Minayev ). 

Hexokiaaae was added to intensify the process, and the added 
CHgBrCOOH stabilized the process during the formation of the two 
phosphotrloaes. The incubation was conducted in small oxygen- 
saturated flasks for a period of 25 minutes at 3 r f/5J. The degree 
of phosphorylation was determined by the amount of bound inorganic 
phosphorus. 

Jn the tests without the addition of hexolcina.se, the mi¬ 
neral phosphate decrease in cerebellar tissue was approximately 
equivalent to one mg of phosphorus, and in hepatic tissue, equi¬ 
valent to three milligrams of phosphorus. 

Tests conducted in a nitrogen atmosphere did not give 
rallar results. Phosphorylation was shown to hardly occur during 
incubation of brain tissue homogenates under snaerohle conditions 
(table 1). 

Table 1. 

The binding of inorganic phosphorus during incubation 

of train and hepatic tissue in oxygen and nitrogen at¬ 
mospheres ( average data for three trials ) 

Material examined Binding of inorganic P in s\g per test 

y— ra— yr-—-——Qszasu—_— miSMrn. ____ 

Cerebellar tissue ... 1 0,049 

Hepatic tissue ..... 2.83 1.98 


This gave us the basis for considering that phosphorylation, 
of carbohydrates (glucose) in brain tissue, proceeds only via the 
oxidative route. 


The phosphorylation of glycogen during incubation of he¬ 
patic tissue occurs both in a nitrogen arid oxygen atmosphere. It 
is however less intensive in th'e former case (see table 1). 

The basic problem of the present work was to fractionally 
divide the phosphorus compounds formed in cerebellar and hepatic 
tissue during incubation in a 02 atmosphere, under normal con¬ 
ditions and after irradiation. 

We conducted the fraction!zation by the Sacks method, which 
was proposed by him for the determination of phosphorous compounds 
of the liver, and modified by N, P. Meshkova and N. V. Aleksakhina. 

A general barium precipitate of phosphorous compounds was 
formed and divided into two fractions; phosphorous compounds of 
which barium and calcium salts are insoluble in water (Ba — Ca 
insoluble fraction), and phosphorous compounds of which bari r ad 
calcium salts are soluble in water, but insoluble in alcohol Ok — 
Ca soluble fraction). 

The Be. — Ca insoluble fraction was found to contain phos¬ 


phorus, inorganic phosphorus, adenosine d.i- and adenosine tri¬ 
phosphate, anti phospboglycerolie acid* the Ba — Ca soluble 
fraction was found to contain phosphorous, adenylic acid, .glu¬ 
cose—1—phosphate, glucose-6—phosphate, fructose—6—phosphate, and 
glyceryl phosphate. 

Experimental studies of the phosphorous compounds showed 
that, either in the absence or presence of monobronto&cetic acid 
in cerebellar tissue under normal conditions, the diminishing , 
amount of inorganic phosphorous was found, primarily in the form 
of fructose diphosphate. 

Smaller amounts of phosphorus end up in difficult—to- 
hydrolyze esters (phospho-glycorolic acid and glyceryl phosphates), 
and in glucose-1-phosphate, glueose-6-phosphate, and fructose-6- 
phosphate. The amount of AT? de.cras.ses in the incubation process. 

studying th* phosphorous compounds formed during ir.eu~ 


In 


bation of irradiated cerebellar tissue homogenates, we discovered 
that on the second day following irradiation, the primary derange¬ 
ments wore in the formation of fruatosa-1,6~Aiphosphate* The 
formation of this product is sharply -inhibited. The formation, of 
other phosphorous comuoxtri. T" simultaneously inhabited, bit to 
a much leaser degree. These includes potspfcoglycerolic acid, 
nryl ohospbate, glucose-4 -phosphate, glucose-6-phosphata and 


gly 




isphate. lie distinct changes in the ATP — AOP 


fruct 

ascorbic acid system were discovered during iri 
cerebellum (see diagv i). 


adiation of the 


In the presence of bromacetats, the formation of phosr’ 
glycerolic acid and glyceryl phosphate is reduced, and all pro¬ 
cesses are converted to the formation of fructose diphosphate. 
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The inhibition of fructose-1,6~diphcsphate formation by radio¬ 
activity is quite apparent (see diag. 2). 

Two days after local irradiation of the cerebellum at a 
dose of 9000 r, there was noticeable cerebellar swelling at the 
time of severest cerebellar disturbances. This forced us to make 
deteiminations of the dry residue of cerebellar tissue under nor¬ 
mal conditions and after irradiation. 

Below, we indicate the content of dry residue in percen¬ 
tages of wet weight (table 2). 

In a dry state, equivalent to 16.,9 %, irradiated cere¬ 
bellar tissue increased its humidity, in comparison to the normal, 
by 2355.. In a dry state, equivalent to 19.1% the humidity is in¬ 
creased by 10 % . 

All the results of experiments indicated in diagrams 1 and 2 
are calculated on the basis of cerebellar damp weight. In diagrams 
1 end 2 it is distinctly clear, that -the binding of mineral phos¬ 
phate i3 inhibited (in comparison to the control) by 74 to 56 per 
cent at the time of severest cerebellar derangement and ay 49 to 
33 per cent at the tixae of moderate cerebellar derangement. * one 
takes into account the edema of the cerebellar tissue, then the ' 
inhibition of oxidative phosphorylation during severe cerebellar 
derangement, will be approximately equivalent to 51 to 33 par cent, 
and in moderate derangement, equivalent to 39 to 23 per cent. 


(Continued on following page] 



Wag. 1« Relationship between phosphorous compounds formed 
in cerebellar tissue under normal conditions (1) and after irradia¬ 
tion at & dose of 9,000 r {?.} (incubation without CHLBrCQOK ). 

Data, represents 4 trials. 

Diag« 2. Relationship between phosphorous compounds formed 
in cerebellar tissue under normal conditions (1)-and after irra¬ 
diation at & dose of 9,000 r (2) (incubation with addition of 
0H o BrC00H )« Data represents 3 trials* 

Dotted coltpaas — glucose-1-phosphate, remaining symbols 


are the asms as those in diagram 1. 
Legend i (a) mg P 

(®) 

phospho glyceric acid 

(b) 

decrease 

(f) 

fructos diphosphate 

(o) 

increase 

(e) 

fructos-4-phosphate 

(d) 

inorganic P 

(h) 

glyceryl phosphate 


(i) ATP 


(j) glucose~6~phoaphste 


Besides cerebellar tissue, two days after local irridiation 
of the cerebellum at a dose of 9,000 r, the hepatic tissue was ex¬ 
amined. During irridiation of ‘the cerebellum, carbohydrate — phos- 
phorcus metabolism i3 not significantly inhibited in the liver. 

Mors marked changes in the distribution of phosphorous fractions 
were discovered on the second and fifth day of total animal 
diaticn at a dose of 1,000 r and during cerebral irridiatio* .a a 
dose of 4,000 r* In determining the phosphorous compounds formed 
as a result of hepatic tissue carbohydrate — phosphorous metabol- 
ism ‘under normal conditions, wc found that almost all bound inor¬ 
ganic phosphorous is located in fructcs diphosphate fractions, and 
a very sms. 11 part of phosphorous ends up in monophosphate esters, 
X-Ray irridiation, as in local exposure of brain tissue, primarily 
depresses the formation of fruetos diphosphate. In diagrams 3 and 
4.5 the difference in the foimation of this compound under nonaal 
conditions and after irridiation is clearly demonstrated# 

In comparing the distribution of phosphorous compounds in 
the- cerebellum and liver, we oust say that if the process of fruetos 
diphosphate formation in cerebellar tissue during local irradiation 
ic established through a determined interval of time while restor¬ 
ing cerebellar functions, then its formation process in the liver 
decreases daily as a measure of 'the animals approaching death. 

We were able to observe this significant difference only at the 
peak of radiation sickness. 

TABLE 2 

Content of cerebellar tissue dry residue before and alter 
irridiation 

Material examined Dry’Tosidue in ^ 

of damp weight (average 
amounts) 


Cerebellum of control animal 21.9 

CerebeUvaa of experimental animal 
on the second, day after- irradiation 
(severest cerebellar disturbances) 16,9 

Cerebellum of experimental animal 
on the second day after irradiation 
(moderate cerebellar disturbances) 19*7 

Cerebellum of experimental animal 
on the 14th to 25 th day after irra¬ 
diation (after establishing cerebellar 
fractions) 


— 13 — 


21.2 




Blag. 3* Relationship between phosphorous caapounde vaied 
in hepatSa tissue under ncrnrsl conditions (i). and after irritation 
at a dupe of 1,000 r ('>;• data, represents four trials. 

Blag. 4. Relationship between phosphorous compounds formed 
in hepatic tissue under normal conditions (1) and after Irradia¬ 
tion of the animal’s intact head at a dose of 4»000 v (2) data re¬ 
presents two trials. 

Symbols are the same in diagrams 3 and 4 as those in diagram 

i . 

The experimental material for fractionating determination 
of phosphorous compounds, made possible by clarification of a num¬ 
ber of carbohydrate — phosphorous metabolic peculiarities in cere¬ 
bral and hepatic tissue. Along with the ascertained peculiarities 
in the distribution of phosphorous fractions formed in these organs, 
we were able to observe that radioactivity primarily disrupts the 
formation of fructose diphosphate. 

Conclusions 

1. During local cerebellar irridiation at a dose of 9,000 
r, the oxidative and carbohydrate — phosphorous metabolism is 
sharply inhibited two days after irridiation of the cerebellar 
tissue. 

2, In irridi&ted cerebellar tissue the formation of fruc¬ 
tose — 1,6 — diphosphate is sharply inhibited. In addition to 
the fructose diphosphate, but to a significantly lesser degree, 
the formation of other phosphorous esters is also inhibited. These 
include phosphoglyeeric acid, glyceryl, phosphate, glucose-1-pihosphate, 
glucose-6-phosphate, and fraetoee-6-phosphate. 

3* In the case of monobromacetic acid , carbohydrate — 
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phosphorous metabolism is directed to the formation of fructose- 
diphosphate, in which case the inhibition of this compound 1 c for¬ 
mation is sharply affected by radioactivity. 

4 * An insignificant inhibition of carbohydrate — phosphor¬ 
ous metabolism was found in hepatic tlssvn during local cerebellar 
irridiation at a dose of 9 S Q00 r. 

5« The binding of mineral phosphate in the liver is rather 
sharply inhibited during irradiation 'of the intact bead at, a ■ ..j 

of 4,000 r and alec two to five days after total irridiation of 
the animal at a dose of 3.,000 r, as well, as at the peak of s ,dia— 
tion sickness. 

6 , Both in the liver and in cerebellar tissue the fcnaatlai 
of fructose—'1,6-phospbate is primarily deranged. 
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mmimc mrmtim of H»LSiie in hepatic tjssuj 

IN RADIATION SICKNESS 
-USSR-* 


/Following is the translation of an article entitled 
Pfcraieatatiimoy® obrazovaaiy© gmoiizinov v t&eni prl 
3 «*nhevoy boleaai* (English version above) by ¥. I?* 
Benevolenskiy. in Voyro sy Ms dlts inskoy Khla d (ProW.m.& 
of Modical CiAeRleSyTT Vpl"*?, No 5, Moscow, Sept-Oct 
X9C* ! , p«c®® 480 to t$}%J 


Studies of the. uc parties and nature of the hemolytic factor 
of irradiated animal. blasr^o has /hovn that it does not in any way 
differ fro© normal tissue hemolysins which are formed in the post 
mortem autolytic dielntegratiatt of any tissue* fsm this fact came 
the supposition that the appearance of the hamolyti© factor in an 
irradiated organism is ’tied to the iatravital process similar to the 
autelytic one. In an irradiated organism, the increase'in foment 
activity which conditions the formation of tissue hemolysins, must 
, be obseived. Clarification of this problem is the object of the 
present work. 

Research methods 

In accordance with contemporary notions, tissue hssaoly ’” s> 
are to be found in all tissues in the foam of lipid compound un» 
saturated fatty acids,'lysoleclthins, and steroids. However, they 
do ml develop hemolytic properties, sines they are bound to proteins 
cholesterol, calcium and a number of other substances* These ties 
are disrupted during various phases of intravital and post mortem 
disintegration which leads to the release of lipid hemolysins and 
development of tissue hemolytic activity. It is considered that 
the complex disintegration of lipid hemolysins with their inhibitors, 
occurs as a result of the action of autolytie ferments of the type 
protease, lipase and phesphotasa. The wide diversity of ferment 
reactions arising in such cases is far from being studied completely. 
Therefore the present research was conducted by a method which 
would at least allow & determination of the total fermenting capa¬ 
bility of hepatic water — salt extracts to release tissue hamoly- 
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sins from inactive tissue preparations, in. a hemolytic sense.. The 
principle of this method was proposed by Ponder. The development 
of method is ours, 

Katural water —- salt extracts (ferment substrates) ware 
prepared from rat liver which was ground in a glass hessogeniaer 
with a four part quantity of pfcyuiologie&L solution, and centri*. 
fug&d at 2500 rp& during a period of 15 minutes. 

For use as a mass for the determination of water — salt- 
extract. fomenting activity, a syBt m containing fluid of thoroughly 
boiled hepatic homogenates of normal rats, and washed erytteocytos 
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tferocytes was used for the experiments, 

Every experiment was placed in throe systems, The first 
system consisted of s. water ~~ salt extract, and agitated fluid 
mixture of erythrocytes. The second system consisted of a water >--*•* 
salt extract and of erythrocytes. The third system consisted of 
an agitated fluid mixture and erythrocytes. The first- system ms 
used for the indirect determimtion of extract fermenting activity. 
The hemolytic activity of the extract itself was measured in the 
second syavam. When there was ferment activity, its true magnitude 
was equivalent to the difference between the magnitude of hemolysis 
in the first and second systems. The third system was used as a 
control for the hemolytic capability of the agitated fluid mixture. 
Wb.cn it was present, the experiment ms not recorded. 

In preparing the first and second systems, the original water 
*— salt extract was diluted by 200 or 400 times with ilia agitated 
fluid mixture (for the preparation of the first system), or with 
physiological solution (for the preparation of the second system). 

The formed so3.uti.ons of all three systems ware poured into 
centrifugal teat tubes, each in the amount of 0.5 ml after which 
to each of these was added 0.1 ml of washed erythrocyte suspension. 
Then all the test tubes were simultaneously incubated for one hour 
fit 3S fJ end for 4 $ hours at 5°. Following this, the magnitude of 
hemolysis was determined with the aid of a pmiocolorimeter F gR~2 ., 
relative to 100$ hemolysis in distilled water of an equal quar-Hty 
of erythrocytes of the sane suspension which was used in the iven 
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experiment. Measurement of hemolysis was made with a neutral light 
filter in cuvettes 1 mm in thickness. Each of the examined solu¬ 
tions was rechecked five times, ; 

During the experiments each of the solutions was measured 
for pH before and after incubation* The pH measurement was made 
on a light potentiometer with the aid of a glass electrode. Daring 
the period of incubation, the limits of pH change were from 6*6 to 
6.4* It was experimentally established that such pH variations 
in the solutions do not apparently indicate the magnitude of their 
hemolytic activity* 

The experiments were conducted on whit® male rats weighing 
from 120 to 160 grains. The experimental rats were irradiated with 
aa X~Bay apparatus BOM-3 . under the following conditions* focal 
ligtan.ee ifi an, current 15 aa, tube voltage ISO lew, filter 0»5 am 
Cu + 1 mm Al, dose capacity 29 to 30 x/min* She general irradia¬ 
tion doS‘5 ms equivalent to 1,000 r« At this dosage, the rats 
usually died A to 5 days after exposure. The irradiated animals 
were Jail*; by x.*am of decapitation after 5 minutes, 1 hour, 1, 

2, 3, e:vi a fc.1J.ova.ng irradiation. 

JU-.'h exper.iw.cnt vus simultaneously placed with extracts from 
the control (noairrsdir.tv5) and experimental (irradiated) rats. 

Both of these extruo*--} vy.ro added to the same supernatant and war: 
tested on identical ©ryhv-uaytes. A similar organisation of 
periments permitted i,«.e -.uaination of the fermenting activity of 
the tested extracts relative to the control, with maximum ac ucacy. 
Taking into account the impossibility of obtaining "standard 15 
erythrocytes, tills method may be considered to be most reliable» 

In experiments with hepatic autolysis of normal rats, test- 
samples were taken from, the same hepatic homogenates after 1, 2, 

3 and 4 hours of incubation at 38°. From those test.samples, water 
— salt extracts were prepared and examined, by the usual method. 

The data of the experiments are given according to the results 
obtained in the examination of extracts from freshly obtained liver. 
The work was conducted cn 112 rats. 

Hasearah Results 

As a vale, freshly prepared water —» salt extracts of liver 
of the experimental and control rats did. not possess hemolytic as- 
tivity in our concentrations. Exceptions to this vale were exhib¬ 
ited when extracts were used from liver undergoing lengthy autoly¬ 
sis or from rats in the transitory state of radiation sickness. 

At the time of the addition of these extracts to the supernatant, 
erythrocytic hemolysis was distinctly expressed. Th© capability 
of producing hemolysins from the supernatant was equally possessed 
by both the extracts of irradiated and nonirradiated rats* However, 
in the first case the amount of produced hemolysins was, as a rule, 
greater if the magnitude of observable hemolysis is to be consider¬ 
ed. Normally, hymolysis is observed on the addition of control ex¬ 
tracts , equivalent to 16 — 22%, in which case the hymolysis ms 
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to 2 times greater than the control whan additions of experimen¬ 
tal extracts were used. The results of these experiments conducted 
with extracts of rat liver, where the rats were killed, at various 
stages of the radiation sickness, are represented in the diagram. 



Summary ferment activity of water — salt extracts of liver, 
conditioning the formation of tissue hemolysins during the early 
stages of radiation sickness of rats (in percentages of norm?' at 
hepatic extract activity)* 

Legends 

(a) Activity (in % of the normal) 

(b) Minutes 

(c) Hours 

(d) Days 

A curve constructed on the basis of the; average data of these 
experiments indicates, that the ferment activity of hepatic extracts 
conditioning the appearance of tissue hemolysins during radiation 
sickness, gradually increases and reaches a maximum on the second 
to third day. Prior to the animals’ death it decreases somewhat. 

The activity of hepatic extracts of rats, killed 5 minutes 
after irradiation, decreased, in a number of cases, in comparison 
with the observed activity of normal animals,. In contrast, in 
other cases it was increased. Therefore, during tills period of 
determinations no changes were observed. 

The results of hepatic extract ferment activity determina¬ 
tions at various stages of autolysis are represented in the table* 
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(a) l-'swont activity of hepatic extracts condition-" 
:u>£ tli- • formation of vi.su us hemolysins during the process of hepa¬ 
tic aatolysia of icrpiV .-its (in percentages of activity of fresh¬ 
ly prepared extract). 

(b) Tr;U.i number, 

(c) Control (fresh extract) 

(&} ArtteXysdng extracts, 

(e) Hours. 

(£) Average. 

Proa the indicated data,, it is apparent that the capability 
of the autolyzing extracts to release tissue hemolysins varies 
greatly frm experiment to experiment. However* the directional 
change in the autolytic process remains constant. At first a 
small increase in activity is observed which soon becomes a decrease 
This decrease is lower than the activity level of fresh extract. 
Therefore, the change characteristics of ferment activity, con¬ 
ditioning the formation -of tissue hemolysins, are definitely simi¬ 
lar to the dynamics of this change indicator in radiation sickness. 
Thu difference primarily lies in the intensity of initial activity 
increase and subsequent decrease. 

In autolysis the former' is less significantly expressed' than 
during radiation sickness. On the other hand,' the final decrease 
takes place more sharply. 

Discussion of results 

The results of our'experiments confirm the supposition that 
the formation of the hemolytic factor in radiation sickness is 
tied, to a significant degree, to the activity of antolytic ferments 
which cause the disintegration of tissue hemolysin complexes with 
their inhibitors. In the process of radiation sickness, it was 




found by a number of authors that protease, lipase and phosphotase 
participate in disintegration marked by an increase in the activi¬ 
ty of individual ferments. Similar appearances of certain fer¬ 
ments are observed in studying the disintegration of tissue, such 
as for example adenosinephesphotase and depolymeraas of nucleic 
acids. These do not directly participate in the formation of the 
hemolytic factor. Therefore, the increase in ferment activity con¬ 
ditioning the disintegration of tissue similar to that of autoly¬ 
sis exhibits wide distribution in radiation sickness. Normally, 
such an increase occurs only at a certain period after exposv and 
becomes strongest at the peak development of radiation sick;x 3 S. 
Prior to death the activity of the above mentioned ferments de¬ 
creases in the majority of eases. Aa analogous appearance was ob¬ 
served in our experiments* 

Similar dynamic changes of summary ferment activity, con¬ 
ditioning the appearance of tissue hemolysins, is observed in the 
post mortem autolytic process in liver of normal animals. This 
serves as an additional confirmation of the fact that the disin- 
tegration process in the irradiated organism proceeds according to 
the autolytic mechanism. This process, however, cannot be absol¬ 
utely confirmed as similar to post mortem autolysis. This is 
clearly apparent even though sorae changes discovered by us are 
found in radiation sickness and autolysis. 

Conc lusions 

1. In liver of irradiated rats with X-Rays (dose 1,000 r) 
an increase in the hepatic ferment activity occurs one hour after 
exposure and is observed for a period of 2 to 3 days prior to the 
animals* death, their summary activity somewhat decreases, 

2. A lesser expressed increase in activity of similar fer¬ 
ments occurs in the initial period of post mortem autolysis of nor¬ 
mal rat liver. In the later stages of autolysis, the activity of 
these ferments sharply decreases. 
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ON THE ROLE OF THE LIVER IK THE KSTABOtlSH OF URIC ACID 
AND ALLANTCIH IN RAHTATIQN SICKNESS 


/Following is the translation of an article entitled 
«0 I'oli pecheni v metaboliaae mcchevoy kisloty i allan- 
toina pri luchevoy bclesni" (English version above) by 
T. A. Fedorov and V, P, Fedotov in V oprosy Med ite insko y 
Khimi (Problems of Medical Chemistry) * Vo! 6. So 5, 
Moscow, Sept-Qct I960, pages 497-500 «„/ 


In. our previous work, dealing with the effect of . ~ and 
-rays in lethal doses on the formation of the wain end conver¬ 
sion products of nucleic acids — animal uric acid and allontoin, 
several changes were noticed in the liver activity during the 
metabolism of these nitrogenous substances, 
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Rese a rch Methods 

Six dogs (male and female), weighing from 20 to 26 Kg, and 
sustained on an ordinary diet, were used for the experiment. All 
the dogs were anglestorn!Red by the London method, modified by 
Pigalev. Ctttan«6us cannulae were placed in the portal and- hepatic 
veins. Blood was taken from the portal and hepatic veins, as well 
as from the femoral artery five to six times at intervals of two 
to five days. Determinations were made of the experimental dogs 8 
blood serum content of uric, acid by the Caraway method, and of 
Xlontoiii, according to the method of MacPbersor. and Conway. . 
ince, per unit of time, two-thirds of the hepatic blood outers 
via the portal vein, and one-third is of arterial origin, the 
average concentration' of the blood components under study was 
calculated as originating in the indicated ratios. 

The uric acid and allantoic plasma content was determined 
before administration, and five minutes after an intravenous 


23 





administration of a uric acid solution, calculated on the basis 
of 1 mg per 1 Kg of animal weight* 

The uric acid solution was prepared in the following manners 
200 rag of uric acid were dissolved in 5 al of a 0*3$ LigCO^ solu¬ 
tion at 60and filtered through a Seitz filter into a flank, 
containing 20 ml of a 5% glucose solution. One ml of this solution 
contained 8 rag of uric acid. 

After establishing the concentration of uric acid and al- 
lantcdn the serum of the dogs under normal, conditions, and five 
minutes after the administration of uric acid, two dogs were ir¬ 
radiated withy-rays, and four dogs were poisoned with polonium. 

The irradiation was conducted by a EQO-2 apparatus with a dor ; 
capacity of 4&0 r/min, and with an irradiation time of 52 s ^sds. 
Irradiation was at a dose of 400 r. The animals died on tlvr r 'th 
and 10th day following irradiation. Polonium was administered 
subcutaneously on a calculated basis' of 0.1 microeurie per Kg 
of body weight. The animals lived for 16 to 20 days, following 
the administration of polonium. 

Research, results 

The table shows the average data, compiled during examina¬ 
tion of healthy dogs before and after uric acid administration, 
on the uric acid and allantoin content in hepatic affluent and 
effluent blood. It can be seen that the intravenous administra¬ 
tion of uric acid caused an increase in its concentration in the 
blood of all vessels examined by us. to observed uric acid re¬ 
tention in the liver of healthy dogs, both before and after ad- 
minstration of uric acid. An' average of 0,18 mg % of uric acid 
from the blood was taken up by the liver prior to administration, 
and 0,25 mg % after administration. The intravenous administration 
of uric acid solution also caused an increase in the blood con¬ 
centration of allantoin. This is confirmed by the fact that part 
of the administered uric acid was oxidised to allantoin. We did 
net observe any hepatic allantoin retention. On the contrary, 
there was some release by the liver. An average of 0.31 rag % of 
allantoin was excreted by the liver into the hepatic vein prior 
to administration, and 0,38 rag % after administration. 

The results of these experiments indicate, that a rather 
large administration of uric acid, under normal conditions, did 
not cause any noticeable changes in hepatic function,.and that 
only part of the^rJLc acid was oxidized to allantoin in the liver, 
and this was, for the most part, readily removed from the orp ‘tjm.. 
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/Following is the legend for the table entitled "Uric acid and 
allantoin content of hepatic affluent and effluent blood of dogs 
under normal conditions, before and after administration of uric 
acid to the organism (in milligrams'percent)", / 

a) (title as above) . 

b) Animal name 

c) Number of trials 

d) Uric acid content 

e) Allnntoin content 

f) Hepatic affluent blood 

g) In hepatic venous blood 

h) . Hepatic retention 

j) Hepatic secretion 

k) Normal 

l) 5 min after administration 

m) Mart /See notej 

n) Akbar 

o) Golubka 

p) Starlit 

q) Mariya 

r) Pushok 

s) Average value 

#ote7 The uric acid in Mart 1 s blood was determined 10 
minutes after administration . 

Diagram 1 contains data characterizing the changes in he¬ 
patic uric acid retention during the development of radiation 
sickness in each dog poisoned with polonium, before and after 
the administration of uric acid. The data indicate that twenty 
four hours after polonium poisoning, hepatic uric acid retention 
following administration, increased by one and one-half to two 
times over & period durin which there was hardly any change from 
the normal, prior to adminstration, This ratio in the hepatic 
uric acid retention before and after administration, was observed 
in the dog "Starik" up to the tenth day following polonium pr 
soning. Uric acid retention by the liver decreased on the ivurth 
day in !1 Pushok" and on the seventh day in "Martyn”, in comparison 
to the first days, but in loth cases post-administrative hepatic 
uric acid retention was twice as large as before adminstration. 

In subsequent periods, uric acid administration brought about an 
opposite effect in all three dogs — in response to the intra¬ 
venous administration of uric acid, the liver did not increase, 
but decreased retention of the former. This paradoxical reaction, 
on the part of the liver, was observed in "Golubka" during the 
first days following the administration of polonium. 




1* ubaBg&s jtx x?h& xo'fcfeiiuioii of uric acid by ■tho 
liver of doge poisoned with polonim ? before (clear oo- 
lw&®) and after (hatched columns) adioinistration of 
uric acid* 

Legend) 

a) Uric acid in mg % e) * , Golu.bka n 

b) da js of trial f) nstarik" 


rt Golubka n 

"Sterile* 


c) Normal average g) "Marten” 

d) "Pushck" 

Changes in the fa.©ps,T,iic uric retention in the dogs irra- 
diatsd with X-rays were cf the same character as in those noi- 
-stoned vi tin polonium* A slignx. vart & ti o n , however } consisted of 
the fact s that the increase in hepatic uric acid retention after 
administration ( after five minutes in ”Akbar f} , and after ten mi¬ 
nutes in "Mart”), in comparison to uric acid retention prior*to 
administration, was noticed on the third and fifth days*, end the 
paradoxical hepatic reaction was observed only immediately 
prior to death. 

Diagram 2 contains data on the changes in hepatic allan- 
toin excretion in dogs poisoned with .polonium. The"aliantoln 
blooo content was not determined in animals irradiated with — 
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Biag. 2. Changes in the excretion of allantoin by the 
liver of dogs -poisoned with polonium, before (clear oo~ ' 
Ivrms) and after (hatched columns) adiair4.stra.tion of 
-uric acid. 

Legend; 

a) Aliantoin in rag % e) "Martyn* 1 

b) days f) H Starik a 

c) Sorm&X average g) f, Go.l'ubka ,! 

d) «iushok B 

As haa been demonstrated, hepatic excretion of allantoin 
increased 'following adEdad-stmtion of-uric acid to healthy animals 
(with the exception of K Starik n ). After, the polonium poisoning 
of all the experimental animals', it'was possible to determine the 
increase in the hepatic' excretion of allantoin before the adaiaia 
•fcrftUon of uric acid. The increase in allantoin excretion was 
especially high in K Kar.tyn" (.from four' to five .times that -of'the 
original norm). The hepatic excretion of allantoin, five minutes 
after administration of'uric acid, in animals poisoned with polo- 
niutti, also increased in comparison to the, normal (with the excep¬ 
tion of "Goluhka* 1 ).• 

The ratio of allantoin excretion, before and after- ad¬ 
ministration of uric acid, changed in the'experimental animals 
during the course of radiation sickness development* 
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ereae eel > fo jljl owing uric ac id acjtainis tration* Subs equently > daring 
thfe entire period of sickness, and characteristic of the experi¬ 
mental animals' increased excretion of allantoin, the intra¬ 
venous administr.;tion of uric acid caused a decrease in its ex¬ 
cretion by the liver. In only.two cases ("Starik” — on the 
tenth day, and Golubks — on the sixteenth day), was an opposite 
effect observed, i.e. the administration of uric acid stimulated 
the formation of allantoin. 

Conclusions 

1. In the experiments on dogs poisoned with polonium. and 
irradiated with"Jf-rays, hepatic retention of uric acid and Lu¬ 
natic excretion of allantoin was increased, i.e. an increased 
oxidation of uric acid in the initial period of radiation sick¬ 
ness. 

2, The oxidative capacity of the liver is noticeably 
decreased in the terminal period of radiation sickness. 
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EFFECT OF CISTAMUffi ON THE LIVER MB SFLEM 
CONTENT OF NUCLEIC ACIDS IN IRRADIATED RATS 

-US3R- 


^ollowing Is the translation of an article entitled 
"Vliyaniyo taistamim aa soderahaniye nukleiuovykb kis* 
lot v pecheni 1 selesanke obluchennykh krys” (English 
version above) by V. G. Vladimirov in Voprosy Medltsin- 
skoy Khimi (Problems of Medical Chemistry), Vol 6, Eo~5, 
Moscow, Sept-Oct i960, pages 501-505*^7 


At the present time, important disorders of nucleic 
metabolism have bean established in an irradiated organism* 

Those are primarily manifested as disorders in the process of 
nucleic acid (NA) synthesis and as concentration changes in the 
tissues. 

The favorable effect obtained by the prophylactic ad¬ 
ministration of certain serum substances in protecting animals 
against lethal doses of penetrative radiation, lias created in¬ 
terest in the study of the effect of these compounds on the content 
of HA in the various tissues cf an irradiated organism. 

In research of recent year's, by means of observing the 
spleen and hepatic content of desoxyribonucleic acid (DNA) and 
ribonucleic acid (ENA) in irradiated animals, evaluation has 
made of the protective activity of a number of substances. 

The best protective effect was obtained from cystaadne ( mc-.rcapto- 
ethyl amine), which markedly blocked the splenic decrease of M 
and normalised its content in the liver. 

By means of labeled atoms, there were attempts to explain 
the effect of these compounds, possessing protective properties, 
on the speed cf HA restoration in radiation sickness. It was 
shown that in the case of DM excreted by rat intestine, MA 
synthesis was less suppressed in animals to whom cysteine was 
prophylaciically administered, than in those which vers unpro¬ 
tected. 

In the present work, a study was made of the degree of 
the protective effect cysteine has on hepatic and spienic NA 



in irradiated rats. Cysteine, at the present tine, warrants 
perioral attention. Since it is a disulfide of cysteamine, it is 
capable of being restored in vivo to tire free oyetanine form* In 
addition to its rather high protective properties, cystasrdne lias 
a number of other valuable qualities* • it is chemically quite 
stable, and' nay be taker; orally in medical practice. 

Research methods 

BiSHSTuer'i conducted on white male rats, weighing from 
150 to 230 Qn, The animals were sustained on a normal diet, 
Radiation sickness was brought about by a single general irra¬ 
diation with bt-rays of Co fc0 at a doss of 600 r and. dose capacity 
of 1.2 f/riE. and a focal distance of 57ew. 

The experimental auirculs were decapitated on the 1st, 2nd, 
3rd, 6th, 9th*and 14th days, following irradiation.. Homogenates 


of 


been 


and bonatic tissue wore thoroughly washed of lipids 


and dried, in a vacuum exisecator, The nucleoproteins were 
extracted with two protious of a 1035 R&C1 solution at iQO 4P../ 
for two hours. 114 determi.nati.ons were conducted by a method, 
principally based on their- extraction' us lanthanum compounds* 
Alkaline hydrolysis of KA was conducted with a 0,3 H solution 
of NaOH for 13-20 hours. The DMA was cooled by a 10% solution 
of BC10/ at JB 1, separated from the RM fractions by cent' .,ging, 


The optical density of the 


and disseved by alkalization, 
parated solutions of DKA sold uHA .was measured' oy a spectre .'■.'.lotoiuotor 
SF-^4 at a wave length of 260 i«nc. On tho basis of the caioiUaued 
KA"content, the following coefficients of optical densities were 
used; for DNA —- 21000 am 2 /®&> for RNA — 23000 c*in'"/te, Immediate¬ 
ly prior to irradiation, a 1# neutralised solution of tide prepa¬ 
ration was administered*to the animals being studied for the effect 
of cysteine on hepatic and splenic H.ft« intra-abdamimlly, on the 
basis of 100 mg to 1 Kg of animal vdgbt. The amount of M in 
the experimental, animals of this series was determined on the 
3rd, 9th and 14th day, following irradiation. 

Rese arch re s ults 

B-vta in table 1 indicates the HA content in the liver and 
sol eon of non-i rradi c. ted ruts « 



Table 1. 

Amount of MA In the snleen and liver of he a lthy wh it e rats 
( in milligrams per 1 Grn of raw tissue weight) 
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Legends 

a) Organ 

b) Number of animals 

c) DNA 

d) RNA 

e) Limits of variation 

The splenic content of DM averaged 6.47 ag, and the ENA 
content was 5.9 mg per 1 On of raw tissue. The average hepatic 
concentration of DNA was equivalent to 1.8 mg, and the RNA, 6cg 
per 1 Gto of tissue. These figures coincide with those of the 
literature. For example, an average of 7.71 mg/Gm of raw tissue 
of DNA and RNA was found in the spleen by Mendel and Ms co- 
workers. Schneider indicates the following amounts for the 
livers DNA — 1;94, RNA — 5.2 mg/Ora of tissue. There was a 
somewhat larger quantity of RNA obtained in other works. However, 
it should be remembered, that the RNA content largely depends on 
the diet, age of the animals and other factors. 

A reduction in the spleen content of DNA was noticed ?4 
hours after irradiation of the animals. By the third clay, the 
amount of DNA was at its lowest level, an average of 3.06 mg/Gat 
of tissue weight. This was approximately !+l% of the non-ir— 
radiated rat level (see table 2). 

There was a subsequent grjudual increase in the DNA content, 
but complete normalization did not even occur by the fourteenth 
day. 


f) arithmetical mean 

g) rna/dna 

h) Spleen 

i) Liver 





fable 2, 

A mount of M in the spleen of rats Irradiated at a dose 
o f 600 r Tin milligrams per 1 fta of raw tissue w eight) 
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a) Days after irradiation 
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f) Limits of variation 
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The amount of RNA In the spleen also decreased during the 
first days following irradiation, however; not as sharply as 
in the case of DNA. By the sixth day, the splenic amount of RJIA 
was restored, and by the 14 th day, its level seven exceeded, by 
approximtsly 13 % t the average level of healthy dogs. 

Tha effect of irradiation on the hepatic concentration of 
DM, was reduced. However, the reduction was less distinct than 
ic the spleen, but the normalization of DNA in the liver was 
more pronounced, (table 3»)» The changes in hepatic BHA dun-*? 
irradiation differ somewhat from those observed'in the splo " 
From the second day, in the case of tho liver, there was a 3KA 
increase, which, Try the ninth day, reached a maximum, and exceeded 
the normal by more than 66$, 
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Table 3. 

Amenaat of NA in the 'liver of rats .Irradi ated at a dos e of 
600 r ( In milligrams pe r 1 Gtc of TawlSsa'a s x^fjht T"" 
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Legends As in table 2, 

Having obtained the NA content change in the liver and 
spleen during the course of radiation sickness, ve attempted to 
prevent their reduction by means of the prophylactic adminis¬ 
tration of eystamine. The protective activity of cystamine ..a 
determined on the 3rd;, 9th, and 14 -tb days following irradiation 
of the animals. In a like manner, it was determined that tie 
greatest variation changes.of IA occurred on the 3rd day, both in 
the liver and spleen, and that on the ninth day, there were the 
distinct characteristic processes of normalisation of NA content. 

Finally, it was of interest to know in what manner could 
the prophylactic administration of eystumine predict the NA 
content in the organs under study, at future dates. The data of 
this series of experiments are presented in table 4. It is in¬ 
teresting to note, thvfc a similar biphasic increase in the BKA 
content was observed in radiosensitive organs, when using cysta- 
raine solutions as protective. 








Table 4* 

Ainount. of. NA In the spleen and liver of irradiated rats 

to whom a pro phyla c tic solution of oystamlne was ad minls* * 
tered (in mi 111 gr ains per 1 Cto of raw ti ssue we i ght) 
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Legends a) through g) as in table 2* . 

h) percentage of the number of irradiated 

i) Liver j) Spleen 


As can be seen from table L $ the prophylactic adminis- 
tr ;tion of eystaminc led to the prevention of DNA reduction in 
the early periods following exposure to penetrative radiation* 


By the third day, following irradiation, the splenic conierv 


: Dr . A 


was 75% higher, and the hepatic content ?S% higher, than ic the 
organs of irradiated animals to when, cyatar-dne was not adm:i uiuterecu 
There w .s some lucre so in the amount of RNA in the spleen of 
rats protected with eyctamine* 

By the ninth day, no distinctive effect of cy&tamlne on 


the DNA content of organs under study, was observed * By this 
time, the amount of hepatic RNA in the protected animals was 
somewhat less (by 25%) than in the control* By the 14th day, there 


was observed a small new increase of the DNA level in the spleen 
cf the protected animals* It is considered that the increase in 
the DNA level, observed in irradiated animals by the end of the 


second week, is conditioned by intensive tissue regeneration, 
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originating in the protective cells. 

The mechanism of the protsotive action of cystamlna, as 
well as cysteine, is not yet sufficiently clear. Ferments, con¬ 
taining SH- groups hare been found to be most sensitive to 
ionizing Irradiation. Under the stimulation of penetrating 
radiation, in several cases, there was oxidation of the SB- 
group to disulfide, in other oases, several, ferments were con¬ 
verted to restorative processes. It may b® assumed that the 
positive effect of administering such compounds contained in the 
plasma,.in radiation sickness, is tied to.the ability of these 
substances to maintain ths lntra-cellular thio ferments which ' 
take part in HA synthesis. It most also be considered that 
compounds of a similar type can influence the level of oxidative 
restorative processes,- or interact with the oxidising radicals 
formed fey irradiation* 

However, whatever the disruptive mechanism of nucleic* 
metabolism may be, it is evident that such disorders play an 
important role in the development of radiation sickness.* Cystamir 
prevents, to a significant degree, HA metabolic disorders, ar' [;ag 
tram exposure to penetrating radiation. The study of the action 
of protective substances on metabolism helps to clarify the 
affection process mechanism, and facilitates the search for new 
and more effective means. 

Conclusions 

1. General irradiation with Y rays of Co°^ at a dose of 
600 r, causes a HA content reduction in the spleen of white rata, 
which is especially pronounced by the third day. 

Following irradiation, the amount of DM in the liver 
decreased to a lesser degree than in the spleen, but normalisation 
takes place significantly faster. 

2* A prophylactic administration of a 1% solution of 
eystamine, on the basis of 100 mg per 1 Kg of animal weight, 
significantly prevents the reduction of the HA content in ths 
spleen, and the DM content in the liver, in the first days 
following irradiation. Its effect was not distinct at later 
periods» 
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